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Highlights of a recent international couference are presented., The confer-
ence, which combined the XX Colloquium Spectroscopicum Internationale and the
7th International Conference on Atomic Spectroscopy, was held in Czechoslo-
vakia from August 30 to Sept. 8, 1977. Although the meeting covered a number
of facets of analytical chemistry and spectroscopy, this report emphasizes

those parts dealing with atomic spectroscopy. In the report, trends in this

field are identified and important new findings related.f\
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EfqmﬂAﬁgggﬁ 8. thiough. Séptember 7, iéjﬂ; ﬂ‘combincd%mgéﬁihg\bcthéﬁ‘thQ
XX‘GQ1IOQQiUm\SpeC§tQ$Coéicum Liteknationale and the 7th ihtéthatidnal Con=
feéreiice on- Atofiic Spédtf@éédpy~wdSuheid:invGZGdhOSIOVQKiA% The confererce
was unusual in its format in sthat i;~¢oﬂsi§t¢df6£ fwo parts. The fifst patt,
Katteﬁded“ﬁy‘ali conferees, was held in Prague, Czechoslovakia ﬁfom:August 30
‘to September 3, 1977. In-this principal part of the intefuational weeting,

a latge numbef of~t02ig3~wefé~QQVéréd, including atomic spectroscopy., x-ray
‘fluorescence;, mnass spectrometry, miérOprobe~aha1ys£s, vibrational spectros-
copy:;- NMR spectfdscopy,;fadio»ahalytical methods; M8ssbauer spectfoscopy,
Auger spectroscopy; -electron spéctroscopy,. and the observation of phonons in
solids. Because of the large number of individuals attending this confeternce
(over 1200), as many as 13 sessidiis were held simultaneously, making if dif=
ficult to obtain an overall feeling for the breadth of topics being discussed.
In this report; I will deal -only with important aspects of atomic speatroscopy
which were covered during this series of sessions, sihceé those bear most dir-
ectly on our efforts being supported by ONR,

Following this principal congress, six special-topic "mini=symposia"
were held at various locatioiis throughout Czechoslovakia. Of greatest interest
to individuals idvolved in atomic spectroscopy were symposium 1 on "optimiza-
tion of spectrochemical methods", symposium 2 on "spectrochemical analysis of
metals", and symposium 3 on "electrothermal atomization processes in atomic

absorption spectroscopy". In a later part of this report, highlights of sympo-

sium 3 will be related.
MT

Overall, the principal corgress and symposium 3 were well-organized, lo- ° rlm
KR

cated in settings conducive to scientific exchange and well-attended by indiv- 3ratioq g

iduals from throughout the world. 1n contrast to most previoug conferences,

the location of this meeting behind the fron Curtain made it possible for many ... -
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6astetn Eliropead aid Russian Scientists to attend, thereby affording i oppor= g
tunity for Jinterfchange which seldom arisés. Unfortunately, few scientists from ? ,3;
:the United StAtes were able to attend and: it is. hoped that this report will i- »Q%
3

provide .a u§éful ovetview. of .thé proceedings..

LN

Sessions were otganized in: groups -of eight talks, with an invited lectutre

STE

of 30 -minutes followéd by séven submitted. pape¥s. Ifvited. lectures ‘have been
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<conpiled in two Volumes entitled "Proceedings of the XX Colloquiudi ‘Spectroscop-

feum TIntefnationale and- 7th International Conference on Atomic Spectroscopy"

and. is available f¥om. the Czechoslovak Spectroscopic Society of the Czechoslo=

vak Acadeniy of Sciences, Prague; Czechoslovakia., Unlike i fiost meetings; all

3
i

plénary lectures were held on the same day, and wefé led by a talk by Alan

S T 4

Walsh .of CSIRO, Australia; on "Non-Dispersive Systems in Atomic Spectfoséopy".

s
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Next, #.R. Aliev, of ‘the U.S.S5.R., spoke on "High-Resolution Vibration - Rota=

5 el

tion Speéctra of Molecules", J, Robin 6f France then stimulated a lively dis-
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cussicn with some commients on "What is the Fate of Intérnatiohal Spéctroscopic

Coriferences". V. Cermak of Czechoslovakia then delivefed a lecture on "Elecs

tae e
£ e B s e tere pve Kt v

tron Specttoscopy” and G.H., Morrison 6f Cornell University considered "Elemental

Trace and Micru Analysis of Biological Materials", Finally, O, Brftiimer of the ) ‘Q
German Democratic Republic spoke on "Developments and Trends in Local (Micro) % %i
Analysis". Of these, the lectures by Walsh and Moriisoh are most germane to ? ég
atomic spectroscopy and deserve further mention, | ¥
Walsh elaborated on a system first described in the Fifth International b 3%
Conference on Atomic Spectroscopy in Melbourne Australia, in 1975. The systém E i
is extremely flexible and enables one to employ sputtering discharges (such as i ;§
a Grimm discharge or hollow cathode lamp) or flames in a variety of ways, in- ; g
cluding their use as a primary source of radiation, as an atom cell for gener- » E
ating atomic vapor from sample material, or as a resonance monochromator, For ) E
§
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example, a mitrogen-separdted air/acetylene flame ¢oéuld be used dlternatively

as an atom- cell for atomic fluorescence spectrometry Or as a resonance mono=

S o A M S S s
A een

chromator in atomic :emission; absorption; or fluorescence: -When used as a
;géonén¢e—m¢h6chf@ma;0r, thé seéparated flame serves to isolate a desired: spec-
tral liné from all other background radiation falling upon it: A detector g
(generally a solar-blind photomultiplier); placed at an angle of 90° from
radiationfbeing directed onto. the ‘flame, detects only radiation capable of

being absorbed and re-fluoresced by the flame, Therefore; the flame serves

as a monochromator which is specific for the resonance spectral lines of what-

AN

s

ever atoms reside within thie flame. In turn, because the atoms residing in the
flame can be varied meteély by changing thé identity of an aspirated and nebu=
lized solution, the flame resohance monochromator is both versatile and selective.

In the talk by George Morrison, the importance of trace elements in

ol < g S, < kB s b e

‘biological materials was underlined and methods currently available for the

T

analysis of such trace metals weré compared: These methods included atomic %

.absotption spectrometry (AAS), electrothermal AAS, emission spectroscopy (e.g:

de arc or spark spectroscopy), inductively coupled plasma _tomic emission

s e e s

(ICP), instrumenta. neutron activation analysis (NAA), spark source mass spec-

trometry (SSMS), and x-ray fluorescence (XRF). Mor¥rison pointed out that i
most trace elements now khown to be essential were not realized to be important ”
as recently as seven years ago. Moreover, many of these same elements are toxic

when given in larger doses; consequently, the importance of accurate, rapid,

inexpensive trace element analysis is becoming increasingly important, Un- f
fortunat 21y, no single technique provided sufficiently high sensitivity for K
all elements now known to be important, Overall, electrothermal atomization

AAS provided the best compromise of high sensitivity, acceptable accuracy and

precision, and low instrumental cost, Unfortunately, this technique is iv--
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‘herently slow and could determine only one eleimeit at a -tifd,making it some-
what unattractive. In .addition, thie high cost and limited applicdtion to

othei biological materials than blood se¢fum makes the inductively coupled

plasma technique scmewhat unappealing. ‘Nonetheless, Morrdson felt that these
two techniques; with furtlier devélopment, would likely be the methods of

choice for the determination of elements in biological matrices. Other emer- ‘

gilog techiniques, such as microwave-induced plasma (MLP) spectrometry could
alter the picture in the futute, however.

In the balance of the principal part of ‘the congress, several trends

P A e

.seeméd evident, Onc approach. which seeied to .gain’momentum is tne coupling

'

e

of atomic absorption spectrometry and plasma spectrometry with separations

tecliniques such ns liquid and gas chromatog¥aphy. Such a combination enables

one to determine not only which eléments are present in a sample but also to

determine the state of such elements .or in what compounds they are bound.

raOr g e ot ¢ R e

fSpeciation of this kind is becoming increasingly important in clinical studies,

R .
o

anvironmental endeavors, -and i other areas; we are likely to see increasing

(EES

effort along these lines in the future;

iy 1z s
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Another technique which appeared to be gaining momentum is Zeeman-modula-

Jay

o e il L2

tion atomic absorption spectrometry., In this method, a magnetic field is used

[

to split the atomic spectral lines in either a source lamp or in the atoms
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generated from a sample into components which are polarized perpendicularly to

each other. By employing a rotating polarizer, it then becomes possible to

resolve the fine structure induced by the magnetic field. If such splitting

RE At WAt et aver & el aan

is induced in the sample atoms, and if one of the resulting spectral corponents
lies in the original location of the spectral line while the other, perpendic-

ularly polarized componunt is shifted, it becomes possible to perform back-

PRI NI

ground correction much more exactly than with any other technique. Background

FEMINS
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absorption produced by sdime samples or by scatténing of soufce radiation:
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cofrection is~féqufed¥iuAmuny analyses becduse -of -Ehe tion=specific -(moleculur)

Ln.

the .Zeeman teclinique; shiftiiig of the: analyte atoms' spectfal Lineés from tlieir

origindl logation enables the backgrouid absorptioi -to he monitored at that
location,. with no. error introduced by absorprion :of the dtoms themselvess
Ovefall, the techmiqie appears to be simple to implement and relatively in=
:€xpensive to instdll in conventional atomic absofption equipment:

Two' other trénds which a¥e evident and which will be undérscoted by
commients to be made in the following paragraphs. atre the entrerchmént of
electrotherial atomization techniquus ‘inte atomic absorptioii spectioscopy and
the continued increase in eithusiasm over pldsma sources. Although atomic
spectroscopists are becomihg cognizaiit of the pitfalls of electrothermal atom-
ization, the sensitivity, converience, and small samplé Frequirements of the
techiilqile overtide theése objectiofs: In the aréa of inductively éoupled plas=
mas, oné of thie primary endeavors is toward understamMing the plasma and fe-
ducing its cost. In efforts to reduce the plasma's cost, attempts are being
made to use lowet powers, to employ more efficient plasma torches, and to
reduce the plasma's cooling gas (argon) requirements: Microwave<induced plas=
mas were also in evidence and their practicality was emphasized by the intro-
duction of a ~ommercial MIP system by a firm called EDT Research, locaied in
the United Kingdom., In the following paragraphs, several papers highligh.ing
these trends will be discussed briefly, Because of space and time require-
tents, a comprehensive converage of the conference proceedings will not be
attempted; rather, specific lectures will be mentiloned which appeared to

offer novel insights, unusual depth of understanding, or which opened up new

areas ~f interest to atomic spectroscopists.
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iﬁ\papeﬁ #91§,Pn6fcgéqf‘CaTh.d. Aikcmdge'diﬁcuSSQJ“sbmc 6F‘his focdnt
work on lasers and flames. Iu\pafticulan,‘f¢CQQt 1hve§t{gutihﬁ3«0u‘Lhu
satutration of dtommic transitions was 6utlined and tlic fifluénce of the tews
poral characteristiés of .Ehe saturation process was emphasizéd. Whed a
relatively long (microseconds) exéiting laser .pulse is employed, flusresceiice
tgéﬁéréted~uﬁdéf'éﬁﬁdiﬁioﬁénpfrnéaf*éheng‘ievei~s§tntétibhaéxhibitedhavdéé
:cay which was attributed to ionization of the fluoréscing atoms. Addition
of oxygen to the flame dncreased the .effect and it was postulated that othef
spediés ‘having fhigh électcon affinities would produce the sarie behavior:
Wheil this beliavior exists, a plot of fluoréscence intedsity vé: dncident
source power does not level off as prédicted by ordinary saturation theory,
but ¢6ﬁéinues to increase, Another intefesting observation 'is that the

appareft excitation spectrum of atoms obtained undér saturation conditions

i

is significantly broadened, the reason for such broadéning being that satura
tion at thé peak of thé spectral line occurs first and feaclies a limiting
valie while fluoreséénde at the wings of thé line contindes to inérease,
leading to an apparently broadened profile, In anothet interesting study,
Alkemade's group examined level mixing which occurs upon two=plioton excita-
tion in sodium. A dumber of excitation transitions wefe induced by a two-
photon process and fluorescenée was observed from almost every state which
was examined. This unexpectedly high degree of level mixing could explain
the surprisingly high incident source power which is required to saturate
many atomic transitions,

In paper #3, Paul Boumans and coworker deBoer addressed the question
of ionization in an inductively coupled plasma. Such plasmas exhibit both
high electron and ion concentrations but a relatively low susceptibility

to ionization interferences. Moreover, the ratio of ions to atoms in such
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a plasiia is 1-3 orders of maghitude higher than Would:be predicted by a model

based on local thérmodynamic equilibfium; Aecording to Boumans, these obsei=
Vations can be explained by viewing argon metastable atoms both as ionizets

and ionizants: That is, the high energy (11,55 - 11,72 eV): of metastable

argon is below the ground state enefgy -(15.75 eV) of ain argoii ion. Thereforc.

the 4argon metastable eneﬁgyxié'ﬁigh~ehoqgh to iojize miany atoms through -col=
lisions (i.e. Penning idnization), but is alse capable of being thernally
ionized itself, Because the predicted conéentration of argon metastable ions
in an ICP is high (10!% per cubic .centimeter), it éould play a déminant role
in determining the oVerall ion conéentrations in. theé plasma and might account
for the unexpectédly high iof conéentrations;: “

In two papers dealing with torch design and opération in an ICP; RiM.
Barnes (paper #7) and Kornblum and deGalan (papet #8) found that ICP torches
eould be opérated at relatively low .gas flows and input powefs, simply by
slightly modifying the torch, Through ‘theoretical modelling, Barnes found
that an increased cobling gas swirl velocity should reduce pressure in the
dis ciarge and tliereby require less coolant gas flow. -Accordingly; the inlet
tube for coolant gas was constricted and placed at an angle to increase the
swirl velocity. With tliis modification, the lineaf coolant velocity was
betweén 8 and 10 metets per sécond at a flow of 5 liters per minute; at a
central (aerosol entry) flow velocity of 50- 60 meters per Second, the
torch could bé operated at 0.95 kilowétts, whereas a central velocity of
30 meters per second required only 0.5 kilowatts. Kornblum and de Galan
discovered that an increase in the central tube channel length (where aerosol
is introduced) made the central gas flow more laminar and narrower in its
velocity profile, resulting in a better penetration of the plasma by aerosol

species. This modified central tube was placed 2 millimeters below the lip
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of :the .adjacent .concéntiic.quartz :tube. With this nodification, the greatest
siéﬁal was four” at the lowest opérable ceiitfal flow and at low (0:5 kilo-
watts) input power; However, tlie gréatést line-tésbackground fatio was found
at higher powers. (1,5 kilowatts) and at rélatively -high géﬁtfai'ﬁléWS~(2
Iitérs per minute)..

John -.C. Travis and. his -cowotkets at the National Burcau of Standards
described some of their recent work din -opto=galvanic spectroscopy. This tech=
niqus, whose name should .pethaps be .¢hanged to something like plioton-assisted

ionization,; was- first.described in. Physical Reviews voluiie 26, page 195 (1925),

Howéver, the NBS group was the first to attempt to exploit the phenoménon £of
analytical use. TIn the new configuration, two rods setvihg as electrodes
were placed outside a flame .and ohe centimeter above the buriner top; a valtage
is- then applied between the rods (which .afe cathodic) and the butier top
(which is grounded) . When atoms afe introduced into the flame in a manner
identical to that employed in AAS, and a laset tuned to a spectral line of
those atoms beamed through thé flane, a change in curfent hetween the elec=
tfodes and the burner top is detected., Altliough Travis did not dwell on the
mechanism of the phenomenon, it probably arises through thermally induced

and photon-assisted ionization. That is, although some atoms will be ther=
mally ionized in the flame anyway, the number of ions which até produced

is increased by raising a substantial number of the atoms to higher energies
through laser absorption., At present,use of this technique for analysis
appears limited in scope because of high background ionization which exists
in most flames and because of the large influencé on ionization to be ex-
pected by concomitant elements in a typical sample. However, Travis indica-
ted that a large number of transitions not commonly employed in atomic spec~

trometry can be used in opto-galvanic spectroscopy, making it possible to
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-employ a narrower range of laser waveléngths than would othetwise be re=

‘QQifed, Thig‘advagtgge is. significant in laser spectrogcopy, beécause -of

: @hé limited wavelength range ovetr which each dyé caﬁ‘beaemﬁiéyed in a ‘f;k
‘typical laser, (;%

Ia symposium 3. followliig the main cofigfeéss, the dominant themo wés the ‘%?

%; . éxamination:.of atomizdtion mechaiisms in eiecbfoethctmal‘dtOmLc.ubsofption ’%%
nE

9

Spectrometry,., Unfortuhately, most -of the léctures which were presented
‘contained -only material which had been discussed before ot was dvailable

in- the open literature. In addition, siost of the mechanisms which -have

o st
BRI

‘been proposed are ‘merély simple wmodifications of theories proposed éarlier &
by BV, L'Vov, and whiéh are explained in detail and: with élarity in his ! ?g
.bédk.&Atdmig‘Absofpti@nquept;bscqpy,utréﬁslated froin the Russian amd avail- ] :
able from the National Technical Information Service, Springfield, Virginia ' ’;
22151), ¥ gt
Aiv interésting variant on the -atomization mechanism theme was tlie paper ) % ;
preseénted by Leo de Galan (pape¥ #542) who realized that the observed time E %
behavior of atom concenttation above an electrothermdl atomizer can be des= % g?
ctibed as a convolution of the atom supplv rate (vaporization rate) and the ; ;%
; K
atom removal rate., Adcordifigly, the two functions were separated and mea- i ié
g i
sufed independently.and the résulting convolution compatred with observations, 3 §4
To measure the supply function, dtoms were removed rapidly from the region é ié
above an electrothermal atomizer by rapidly flowiig gas through the atomizer ; ;
observation region, The atom tremoval function was obtained by stopping the é jz
gas flow and adding atoms to the observation region extremely rapidly (through ~ %
flash volatilization of rapidly vaporizing elements such as mercury)., For ?
the supply function, these workers found that simple first order release % ?
kineties don't accurately describe observations. Also, the removal rate is ) g

only a function of gas temperature, indicating that no wall process is involved ;
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. (at least for mercury). Although the resylting mathematical ¢onvolution of

aton release and removal fuictions appear similat to observed atom concer
tration-time behavior; the .approach is limited in scopeé. Specificaily,
.atoms -appear to have differer . 1¢moval functions, perhaps. caused by changes
in adsorption on thé walls of the dectrothermal atomizer, For example, the
‘méasured. lead atom supply function, convolyted with a mcrcury tedioval func=
tion. does not have the safe apnearance as the odbsérved atém. concentration
vs. tiime plot. Wotk is proceéding to overcome this limi€ation. In an
interesting final comment, de Galan noted that optimal rfesults in the use
of eléctrothérmal dtomizers would be obtainéd when the time constant for
supply exactly équalled the timé constant fof réleasé, & result which could
be accomplished by heating an eléctrothermal atomization cell at a rate of
.approximately 1000 K per sécond and to. usé a.tubé (for a Varian CRA 63
system) which is 5 centimetérs long and 4 millimeters inside diametet,

In perhaps the most ihnovative talk of the mini=sympd§ium, Ray Woodriff
(paper #544) described some re ent work using a constant-temperature graphite
furnace atomizer (appropriately térmed the "Woodriff furnace"). With such
an atomizer, the time required for atomization caii be rélated to the total
length of time required for a constant number of atoms to enter and depart
the atom reservoir, To obtain the appropriate measurement, the observed
time behavior of absorbdrce is measured and a line drawn across thie resulting
plot at a lower, fixed absorbance level, Because this absorbance represents
a fixed atom concentration in the cell, the length of the drawn line can be
unambiguously related to the atom cell's time constant., Moreover, because
a single time constant implied loss of atoms through a diffusion process
alone, a plot of the length of the straight line vs., sample weight should

be linear., If such linearity is not observed, a sample loss mechanism other
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than diffusioft must be operative. In a related study,; Woodriff aud Marinkoviv

examiﬁed'tug,migratiqn of atowms vapordized from .a -constant=tempei:dture

fqrﬁace@ In :their measuréments, suéh,a”fuﬁnace was operated in its rnormal

R L (‘ -

2 kD B L e ions et e R A R G AR O Al

way, -but .allowed to cool before atomization was coiplete, The tube was

then .cut into $égments and thé distribution of atoms along the léngth of

o s e e e 0

4

‘the tube determined by conventional atomic absorption spectrometiy, Wood- i

e

pr X

2

riff postulated that this distribution, which was different from clement

to element, :could be employed as a- kind of "atom chromatography" (my teri)

e .

-and might enablé one to overcome sample matrix interferences, Of course,
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the teclinique would not be applica He to élements such as silvér and cad-

mium, which are lost primarily th¥ough diffusion rathetr than through ab-
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sorption, although other eleménts such as potassium. aiid aluminum could be
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séparated readily;

-

Although thé foregoing account is highly selective and provides only

S

5 e et e g

Xy an overview of the proceedings and content 6f a prestigious intetnational
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conference, further information is available in the articles cited carlier

and from the individual authors. In addition, the author of the present

article would be happy to supply further information, if it Is desired,
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